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K{iSa  Overview

 The LHCb detector

* B — mixing

 Measuring CP violation in B, — J/W ©

- The reference channel B, — J/¥ K*

» Systematic studies on detector acceptances

 Sensitivity for polarisation amplitudes

e Qutlook
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({{Sa The LHCb detector

510" B mesons per nominal year ( = 2fb )

production mainly in forward direction

— LHCDb as single arm forward spectrometer
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K& The LHCb detector

RICH detectors
( 2 cherenkov detectors for particle identification )
momentum range 1 — 100 GeV

calorimeters

ECAL HCAL

SPD/PS

vertex detector

tracking system
momentum resolution dp/p ~0.5%

muon chambers
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LHCD

Integrated Luminosity

LHCDb Integrated Lumi over Fill Number at 3.5 TeV

Integrated Luminosity (1/pb)
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NS B - B. mixing

Time development described by phenomenological Schroedinger eq.

B : B
- d S . [ s
(0)- ()8
b
0

—  i2B = (M, - %_FL)BL a
Diag. i%Bnw = (Mn— 5TH)Bx 5

Mixing parameters: Al'=I',—I'y,

Am = Vud Vus Vub
ne Vekm = | Vea Ves Vb
(I)s:zarg Vts th ‘/td @ ‘/tb
New Physics (e.g SUSY particles in mixing): complex

— different mixing amplitude and phase ®

b= bt Pup
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(48 CP violation in Bg — J/¥ ®

1
CP violation only in interference of mixing BS - J / VYo

and decay:
e
el\ B /1
BS

for CP eigenstates: CP(f)=ng(f)

F<§S(t)_)<J/(I/(b)CP)_F(BS(t)—)(J/WqS)CP) =—T7cPSin¢SSin<Am't)

CP asymmetry: ACP(t)=F< O =(Jw D))+ T (B =TIy d)er)

But: J/¥Y @ is not a CP eigenstate!!
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({{S& Separation of CP eigenstates

B, (spin 0) decays into two vector particles J/W¥Y and @ with spin 1

— relative angular momentum L = 0,1,2 Ncp (J/¥Y ) L Amplitude
!
CP(JIVY ®)=np(JI¥)n.,(P)(—1) +1 0 | AgA,
-1 1 A
decay described in the basis of three +1 2 An. A
“transversity angles” 0>
— combined fit of lifetime and angular distributions Ag longitudinal polarisation

to separate CP eigenstates
A, parallel polarisation

9 9 Kt im J/¥Y Ruhesystem
1 .

A perpendicular polarisation
im @ Ruhesystem

A
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({{S& Separation of CP eigenstates

isign+al
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({{S& Separation of CP eigenstates

Separation of CP eigenstates allows measurement of I, ', Al

| proper time t | —|— data
£ E signal MC —— signal
s I .
—— fitted sig. pdf
*® [ SeN
10° L I L ------- cp-even sig. pdf
- IP Ny — — cp-odd sig. pdf
i N
| N
10?2 = l
T
[ |
10 = '
1 | 1 1 | | | 1 1 | 1 1 1 I 1 1 1 | 1 1 I\
-2 0 2 4 6 8 10

proper time t [ps]
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(S Reconstruction of Bg — J/¥ ®

« data corresponds to 37pb™” integrated luminosity

* clean signal fort > 0.3 ps
( reduces prompt background )

Proper time vs. Reconstructed Bg mass

F550[ by LHCb Preliminary
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LHCD

Ingredients for the analysis

Time resolution: fast Bg oszillation needs to be resolved: Am_ =178 ps"
Aop=—npsin® sin(Am-t)

o, calibrated from prompt peak

: B candidates with J/¥ from primary vertex
current resolution o,~ 60 fs Primany

0 H X2/ ndf 1210/ 393
| B Proper time | o 0
— 8 10* E L b prel im i n ary #events 5.176e+04 + 2.275€+02
L V t — ﬁ y T = E Fraction prompt 0.9549 +0.0013
q:, B Fraction first Gaussian 0.8464 + 0.0057
#* 3 B Prompt mean [ps] 0.0003419 + 0.0002403
10 E_ S, (t) [ps] 0.04383 + 0.00031
B — E - o, (1) [ps] 0.1304 0.0024
E B Decay const I [ps™] 1.084 £ 0.031
10°
E E k. }
Yy=— B i ;
mpg B A
10 I“,Ill‘ r’ ¥ ::':ﬁt":‘ o) ;' ‘L:, ‘H " +
il : .ﬁ\“" i‘ﬂ'l" e vhe (11 4
] | | 1] u‘ iy d‘l!”'l\ll“HllH g || ] ﬁ
I T T L | | “m |
- | |

o 1 2 3 4 5
Proper time [ps]
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LHCD

Ingredients for the analysis

mistag probability
( 50% — no information)
Tagging: determine flavour of B-meson at production /

tagging has large impact on Agp  Acp=—Ncpl1 —2w)sin® sin(Am-t)

efficiency and mistag rate from controll channel ( e.g. B" — JV K+)

same side ‘ B* mass, t=0.30 ps ‘ 121 ndf 943.8/45
kaon tagger Prob 0
g - # signal events 9493+ 102.1
;E, : LHCb prellmlnary . # background events 4212+71.9
:&500 L B* mass, t>0.30 ps [MeV] 5279+ 0.1
w B o, (mass) [MeV] 10.81£0.11
L C o [MeV1] 0.001195+ 0.000136
. 2000—
Same side -
......-.._‘___Primary vertex - = 1
proton A c— profon 1500 -
Opposite side . < . Vertex-charge tagger B
PP opposite B \ “from inclusive vertexing 1000—
opposite C
kaon tagger (K) 500—
ositive lepton taggers - 2
negative lepton taggers P P 99

“"' Ll Ll Ll I Ll M) I
5100 5150 5200 5250 5300 5350 5400 5450
Reconstructed B* mass [MeV]

(e, w) from b-quark from b—c—i cascade
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LHCD

Ingredients for the analysis

detector acceptances:

By — JIW K*

(JW —py)
(K* > K1)

can influence the lifetime and angular distributions

— check with control channel B4 — J/¥Y K*

« same angular analysisasinBg —-J/WY ® (P —->VV)

— decay described by three polarisation amplitudes: Ag, A, , A

* good statistics (650 000 events per 2fb-1)

« already measured precisley by BaBar, Belle, CDF, DO

— very good cross check for validation of detector acceptances

Parameter

Babar (2007)

Belle (2002)

CDF (2007)

DO (2009)

|.¢’1|||£

| Aol

AL
4 [rad]
0, [rad]

0,211 +£0.010 £ 0,006

0,556 £ 0,009 = 0,010

0,233 £ 0.010 = 0,005
-2.93+£0.08+0,04
291 +0,056=0,03

0,617 £ 0,020 = 0,027
0,192 £ 0,023 = 0,026
2,831+0,19+0,08
-0.09+0.13 = 0,06

0,211 £ 0,012 £ 0,006
0,569 £ 0,009 £ 0.009

-2,96 £ 0,08+ 0,03
2,97 =0.06 0,01

0,230 = 0.013 £0.025
0,587 £0,011 +£0,013
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“L@m"b Selection By — J/W K*

0

mass, t>0.30 ps | ryp

Prob 0.07786

# signal events

Selection based on:

# background events 7285+ 98.2

Cb preliminary

B° mass, t>0.30 ps [MeV]

#entries
©
o
o
TT
I_
XL

800
transverse momentum cuts 700

600

track quality cuts 500

400

o, (mass) [MeV] 8.164 +0.173

o [MeV] 0.001198 + 0.000207

300

cuts on quality of vertex reconstruction

200
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T
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& Likelihood Fit

For determination of physical parameters: _
— Maximum likelihood method parameters ( physic + detector )

all events ’/ /Observables
L(A)= H p.(A, X)
I \

probability density function (pdf)

Maximizing L(A) by variation of A maximizes the probability to measure X

p(A, X)=f - S(A, X)+(1- 1) B(A, X)

T T

signal pdf model background pdf model

- -

Including acceptance effects:  S(A, X) — &(X)-S(A,X)

17.12.2010 IRTG seminar
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fﬁ’ﬁ% Analysis strategy for Bd->Jpsi K*

Perform unbinned maximum likelihood fit to disentangle angular momentum states:

time dependent part angular dependent part
d'T \ /
Decay rate: =e Z-Z A1 (cosy,cosO, )

dt dcosy d ¢ dcosO

A=
Observables: cos0, cosy, ¢, t AL=\AL|-ei6L
. 2 2 A0=’Ao .eifso
Physics parameter: |AII| |4 || o, o, T, A4 P A=
detector parameters:  time resolution, - convoluting pdfs with gaussian
mass resolution,
background description, <+ fractions, shapes ( prompt — longlived )

no CP violation, untagged fit
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§{S&  Analysis strategy for Bd->Jpsi K*

Perform unbinned maximum likelihood fit to disentangle angular momentum states:

Decay rate:

Observables:

Physics parameter:

detector parameters:

d*T

dtd cos ded cos v

+ fsAgAjcosdy + feAL Agsind,].

=e " [ filAo)* + fol Ayl* + f3|AL? — frA AL sin(d, — §))

fr(0.7, )

cos9, cosy, ¢,

2 2
4, 4l 6y 6, T,
time resolution, -

mass resolution,

background description, <*——

no CP violation, untagged fit

g 2
ﬂﬂ_zCO& ¥(1 — sin® f cos” p)

9 T
o ain 24h(1 — sin® @ sin’ )

9
= § sin’ 1 sin 29

B

a2 sin® 1) sin 20 sin ¢

52 \/_ sin 21 sin? 0 sin 2¢

33 \} sin 21) sin 26 cos @

convoluting pdfs with gaussian

fractions, shapes ( prompt — longlived )
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({&& Angular acceptances in By — J/W K*

, L (o)
» Angular acceptances deform the signal angular distributions
T f signal MC
» Have to calculate angular acceptances from MC 1.1
i Ly 4
Acceptance calculation: 3 dimensional - T ' ot
0.9~
MC particles (cos0,cosy, ¢) o8l
£(cosf ,cosy,p)= — ot
theory distribution (cos0,cosy,¢) :
%7 1d projection
_ 0.6
acceptance includes effects of: ¢ [rad]
—e55 ) reconstruction, selection, trigger,...
—~1.27 —1.2¢
g . signal MC 8 | signal MC
< 14 +T 1 W
o + + 44 -
Tl ks ) I e e
: —+ f|_ —+H
0.9 —+ 30% 0.9
- -+ -
0'8:_ 0.8j
B —+ L
7t 1d projection ®7" 1d projection
061 05" 060402 0 03 04 06 08 1 06104060402 0 02 04 06 08 1
cosy coso
17.12.2010 IRTG seminar
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LHCD

How are acceptances determined?

Bqg — J/¥Y K* acceptances

detector angular cut

+
reconstruction
+
selection
ot detector region: 10 mrad < © <400 mrad
trigger
Black: include all effects of reconstruction, selection, ...
Red: only detector angular cut
<
= [ =1.2r s
8 4k + g2 [ Y F
o 1.1E +_|_+ +++‘|—+—|—|— 8.4 1.1;_'_ j::‘___t .
= el aihin e sl g ot e, FT ++
: 1§:qz—kq::hgk 4+ H—%:j:%=ﬂ:%‘:ﬁzt : 4—454_ + ==
0.9 F 0.9
C 0.9 r
0.8 0_8; 0.8
0.7 generator level, in LHCb 0.7 generator level, in LHCb 0.7 ——— generator level, in LHCb
061 0.8 -06-04-02 0 02 04 086" b(.lzzi's\'; 0.8 55 56 DA DI o s sesE 063 A I 'q; ['r;é]

coso

remaining reconstruction effects
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LHCD

iy By — J/W K* acceptances

How are acceptances determined?

detector angular cut implicit momentum cut in reconstruction!
-+
reconstruction — apply cuton P(K) > 5Gev
+ P(pi) > 2GeV
selection
=+

trigger

Black: include all effects of reconstruction, selection, ...
Red: only detector angular cut + momentum cuts

— 1.2 T T —

—~ 127 7 T 1 T T ] D> I 3 g_ 1-2:' — T T T T 1 ]
> 1 g1.15F 3 =t E
7] :t g ] o s E w 115 -
o 1.1 4 o - E o 3
% t—#—**'”i M ﬁi—f i w 11 E 1.1E 3
1 r‘*x E 1.05F *m E 1.05§F# *i*i i#ﬂl
PO £ +1+it ++ 3 £ s + n E
o ; Feas 4, FRE T + 4t
0.8 * o 95; +¥ 0.95} +¢ 444+ 3
F 0.9f = 0.9F 3
0.7 —@— enorstortovet.intsich + p00 - 5 aov, Py 200V -ﬁ; 0.85 @ cerarmtorlevel, In LHOR + P0) » 5. GeV, Pl > 3 GaV 3 o.85 :NS:C'“:“«'G _;

0 6 —@— nominal + P(K) > 5 GeV, P(x) > 2 GeV. , ] o 8 —@— rominal 1+ P(K) > 5 GeV, P(x) > 2 GeV. . E 0.8 2 o L . 1

1 0.5 [§) 0.5 1 < -0. .

cosy 1 0-5 0 0-5 cose1 ¢ [rad]
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LHCD

iy By — J/W K* acceptances

How are acceptances determined?

detector angular cut
+

reconstruction
+

selection
+ —> only very small effects

trigger

— acceptance determined by detector angular cut and momentum cut in reconstruction
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{{Sa  Kinematic distributions data - MC

How large is the difference between data and MC in theese variables?

0.2_ T T T T T T T T T T T T T T = 0'4: L L L DL L L L AL EL N DL L

o.18F  LHCb preliminary [ E o35  LHCb preliminary [, 4 4 |
F * <-data ] E ]
0.12;— i — : + _ 3
o1 4, kaon 1 0.2 pion .
0.08f- 3 0158 =
g'ng_ E 0.1 + =
0.02 0.05f . E
o— b 1 - fﬁw

0 % 20 40 60 80 100
P [GeV]
P 0.1 71— T 3
0'09_ 0.09 LHCDb preliminary <MC _
0-0pF 0.08 ++i+ data |3
0.0 g 0.07E ° +. ata _;
0.0B ] 0.06F% -
0.05§ 0.05 ﬁ+ muon ;
0.04f ] 0.04 1. . 3
0.03F- \‘ : 0.03 $ =
5 T still to understand P ;
0.02F = 0.02 5. .
0.01F* AR 3 0.01 #. 3
C “0:’0 3 g ..:. 3
L .2 = TP TP — 2 BiBesoganagde i i 1 .

% 0.1 0.2 0.3 % 01 02 03 04 05
O [rad] O [rad]
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G468 Systematic studies acceptances

How can we estimate the systematic uncertainties due to acceptance calculation?

— toy experiments simulating wrong acceptances:

Acceptance modification deviationin o, from nominal value
2 2

|4, 4] o) 0,
changing detector cut:
12.5 mrad < © < 375 mrad 0.07 0.20 0.13 0.14
15 mrad < © < 350 mrad 0.06 0.25 0.01 0.04
changing momentum cut:
P (K)>4.9 GeV P (1m) > 1.9 GeV 0.10 0.10 0.13 0.10
P (K)>5.1GeV P (m) > 2.1 GeV 0.10 0.24 0.15 0.13

no large deviations compared to statistical error

— have to assign only small systematic uncertainties due to acceptance description
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LHCD

By — J/¥Y K* background

Different background sources:

B candidates from real J/V

background from other combinatorics

— different angular distributions

5150 5200 5250 5300 5350 5400
| Reconstructed B, mass | m(B) [MeV]
I e . 2500 S
2 LCHCDb very preliminary - LHCb very preliminary
9200 |+ ca= 2000/
Q ~ —— fitted sig. pdf r
=+ B — fitted bkg. pdf C \J/ LIJ bkg
1000— fitted J/'¥ bkg. pdf h 1500—
- fitted no J/%¥ bkg. pdf C
C 1000+ —— T 4 —+—" 1000 —
800— 900E- LHCDb very preliminary
E 500~ aoog—
600_ C | ] ] ] | | | ] | 7003—
- 0708 06 04 w02 0 02 04 06 08 1 o
B 6001
400 500/
B 400
200[ 4 ot L
¢ 200;— o B —
o - I 1 1 1 1 | 1 1 1 I 1 1 jl 1 k 1 1 1 1 I 1 1 1 L i 1 i i 100 ?
5000 5100 5200 5300 5400 B m5a55030[M eV 0708 06 04 02 0 02 04 06 08
d
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LHCD

ey By — J/WY K™ fit projections

| Proper time't | —}— data [ Transversity angle ¢ |
* fitted sig. pdf ” LHCb very preliminary
£10°t )\ LHCDb very preliminary| ... _ E f
5 10°: ry p Y| . L= 0, 2 pdf s
® —— L =1 pdf s E
RN —— fitted bkg. pdf 600}
10 = X —— complete pdf 500F-
E 400/
10 300[- - : — e T
- 200
i o
o NN | glanal pdf e T
0 2 4 6 8 10 12 background pdf o [rad]
| Transversity angle cos6 | proverfime o JW bkg pdf [ ransversity angle cosy |

LHCDb very preliminary

. . (7] F
@« -  LHCbverypreliminary 2 T
2 F o _—‘—
o700= + >
STUF 3000
8 W =
600 -

- 800—
500 -
4001 - - 600—
300 —— "= -

- : 400—
200 . L

- still to understand -
100:_ /// ”””” \\\ _

C /// \\\ i
0_lllllllllIIIIlllllllllllllllllllllIIII 0II/|III|III|III|III|I|I|III|III|III\F\|I
-1 -08 06 -04 -02 0 02 04 06 08 1 -1 08 -06 04 02 0 02 04 06 08 1

cos 0 cos y
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LHCD

Expected sensitivity on the polarisation amplitudes:

Bg — J/¥Y K* sensitivity

for 37 pb™ for 2 fb™
parameter | sensitivity parameter | sensitivity
[A)]? 0.021 |4y 0.001
AL |? 0.020 |AL|? 0.001
d1 0.099 0L 0.006
parameter sensitivity
Babar Belle CDF DO
(2007) (2002) (2007) (2009)
stat. / syst. | stat. / syst. | stat. / syst. | stat. / syst.
A2 | 0.010 / 0.006 - 0.012 / 0.006 | 0.013 / 0.025
|A |2 0.009 / 0.010 | 0.020 / 0.027 | 0.009 / 0.009 | 0.011 / 0.013
J| 0.08 / 0.04 0.19 / 0.08 0.08 / 0.03 -
0, 0.05 / 0.03 0.13 / 0.06 0.06 / 0.01 -

— with 2fb-1 larger statistical sensitivity

— with current statistics not yet competetive with other experiments

17.12.2010
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K8 Bs — J/W O prospects for 2011

Important ingredients: proper time resolution, tagging efficiency, acceptances

CDF 5.2fb”’' FPCP 2010

0.5 ]
| i Monte Carlo assumptions:
04 -
I Do 6.1fb™" ICHEP 2010 e proper time resolution:
i LHCb preliminary 7TeV; o(bb)=292b GF =0.038 .pS
s R ) ( in data still ~ 1.3x worse )
- and BRvis{B2—Jryo) _ o
02 -~ « tagging efficiency:
eD? = 6.2%
( not yet calibrated with data )

0 0.1 02 032 04 05 D& 07 48 08 ; 1
Integrated Luminaosity (fb )
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{{&& Conclusion

« B, meson system offers probability to search for New Physics

— CP violation is a very sensitive observable

« The prototype channel to search for New Physics is B, — J/¥ ®
Very involved analysis, requires many steps:

proper time calibration

tagging calibration

detector acceptances

my current work: measuring the polarisation amplitudes in By — J/¥ K*

test the angular acceptances

first results shown today — hope to have publishable results by March 2011
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LHCD

BACKUP
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Transversity Basis

Bs is a pseudo scalar (spin=0), ¢ and J/y are vectors mesons (JPC = 1—)

Total angular momentum conservation [I

in the Bs rest frame, @ and J/Y have relative orbital momentum £ =0,1,2

Since CP|J/00>= (-1)}¢|J/00>,

final state is mixture of CP even ({=0,2) and CP odd ({=1)

Decompose decay amplitudes in term of linear polarization, when J/p and ¢ are:
- AO: longitudinally polarized (CP-even)
- AL transversely polarized and - to each other (CP-odd)
- A|: transversely polarized and || to each other (CP-even)

0 3 angles 0, ¢, y describe directions of final decay products J/—pp , [[—K+K

,1;} y_/ }/~
%
A
o
N Ll A\
/K/"j/
fgf/)
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